Mycobacterium paratuberculosis was isolated from farmed deer in New Zealand on 21 occasions over a 7-year period. The number of cases increased during the last 3 years of the study. Clinical paratuberculosis was observed in 5 deer, 3 other cases came from grossly normal animals that reacted to a tuberculin skin test, and the remaining 13 animals had tuberculous lesions that were identified at meat inspection. Pathologic features of the lesions in these 13 cases included necrosis and mineralization in lymph nodes draining the gastrointestinal tract. The histologic changes in these lesions were very similar to those caused by Mycobacterium bovis and members of the M. avium complex. Characterization of 20 of the isolates of M. paratuberculosis by restriction endonuclease analysis and DNA hybridization revealed that 3 of these isolates were identical to New Zealand sheep isolates and 17 were the same as cattle isolates. The source of the cervine infections was not determined.
Occasional reports of paratuberculosis (Johne's disease) in deer date back to 1907. 17 Some of the reports are of questionable authenticity because the diagnosis of paratuberculosis was not confirmed by the isolation of Mycobacterium paratuberculosis. However, M. paratuberculosis has been isolated from fallow deer (Dama dama), 2 0 , 2 1 sika deer (Cervus nippon), 21 whitetailed deer (Odocoileus virginianus), 2 axis deer (Axis axis), 20 red deer (Cervus elaphus), 18, 22 and tule elk (Cervus elaphus nannodes). 1 3 In addition, the mycobactindependent wood-pigeon bacillus, which is closely related to M. paratuberculosis, has been isolated from roe deer (Capreolus capreolus) that had an infection resembling paratuberculosis. 11, 15 With 1 exception, these cases occurred in free-living, zoo, or game park animals. The exception is a report from Scotland, 18 where high levels of infection and disease were identified in farmed deer. This report indicated that under certain conditions of intensive rearing, paratuberculosis in deer can become a significant cause of economic loss. In a 1983 study, 24 Rocky Mountain elk (Cervus elaphus nelsoni), mule deer (Odocoileus hemionus), and whitetailed deer orally inoculated with M. paratuberculosis all became infected, but clinical paratuberculosis occurred only in the mule deer.
During the last 20 years, there has been increasing worldwide interest in farming deer under intensive conditions. Most notable developments in deer farming have occurred in New Zealand, where deer farming has grown into a major industry. By 1991, there were From AgResearch, Wallaceville Animal Research Centre, PO Box 40-063, Upper Hutt, New Zealand.
Received for publication January 20, 1993. over 6,000 deer farms containing over 1,000,000 animals in New Zealand. These farms were established on pastures previously grazed by sheep or cattle. Although sheep and cattle are rarely run together with deer, they are often used for pasture management on deer farms. In New Zealand, M. paratuberculosis is prevalent in both sheep and cattle. Because M. paratuberculosis can survive for many weeks in the environment, 14 there probably have been numerous opportunities for the infection to spread from sheep and cattle to farmed deer. Recent studies using molecular biology techniques have demonstrated significant strain variation among isolates of M. paratuberculosis. 5 One group of isolates that infects sheep in New Zealand has yet to be isolated from cattle. These findings suggest that the strain of M. paratuberculosis infecting deer may be important in determining the clinical outcome of the infection.
In this report, 21 bacteriologically confirmed cases of M. paratuberculosis in farmed deer are described.
The clinical course and pathology of these cases have been compared with those of M. bovis and M. avium complex infections of deer, which are common in New
Zealand. The isolates of M. paratuberculosis have been characterized by restriction endonuclease analysis and DNA hybridization and compared with isolates occurring in other animals.
Materials and methods
Clinical specimens and pathology. Fresh and formalinfixed suspect mycobacterial lesions were submitted to the Ministry of Agriculture and Fisheries (MAF) Animal Health Laboratories. Samples were submitted by MAF meat inspectors and private veterinarians with the clinical history and description of the gross lesions recorded on a standard submission form. Formalin-fixed tissues were embedded in paraffin, sectioned at 3-5 µm, and stained with either hematoxylin and eosin (HE) or by the Ziehl-Neelsen method.
Bacteriology. Samples cultured for mycobacteria other than M. paratuberculosis were processed by previously described methods. 7 Some of the isolations were carried out using supplemented 7H11 Mycobacteria medium a 8 instead of Middlebrook 7H10. Samples for M. paratuberculosis culture were homogenized in a Stomacher and decontaminated in 1% cetylpyridinium chloride either for 4 hr or overnight. After decontamination, the samples were centrifuged at room temperature at 3,000 x g for 25 min. The supernatant was discarded, and the pellet was resuspended in 1.0 ml of sterile distilled water. This solution was then inoculated onto Herrold's medium supplemented with 3 µg/ml of mycobactin J.
Restriction endonuclease analysis and DNA hybridization. The methods used for culturing M. paratuberculosis for DNA, the extraction procedure, restriction digestion, and DNA hybridization have been described previously. 3, 5 The probe used for the hybridization was a 0.22-kb fragment of a repetitive DNA element isolated from the type strain of M. paratuberculosis. 4 This fragment is an M. paratuberculosis-specific segment of the IS900 insertion element. 9 The cervine strains were compared with M. paratuberculosis strains from sheep and cattle selected to demonstrate the range of restriction fragment length polymorphisms (RFLPs) observed with this species of mycobacteria. The source and host of the strains used for this comparison are listed in Table 1 .
Results
The species and numbers of mycobacteria isolated from deer since 1970 are summarized in Table 2 . The first isolate of M. paratuberculosis was obtained in 1985. By the end of 1991, M. paratuberculosis had been isolated from 21 farmed red deer. All isolates were my- tuberculosis has not been identified in either cattle or sheep on the properties that had infected deer. With 1 exception, only 1 isolate of M. paratuberculosis was obtained from any 1 deer herd. The exception was a property on which M. paratuberculosis was obtained from 4 animals. All the animals reacted to a tuberculin skin test, and 1 of them lost weight and had diarrhea.
The principal gross pathologic changes observed were associated with the mesenteric lymph nodes, especially those draining the ileum and ileocecal valve. These nodes were often enlarged, and a range of changes from yellow watery areas to caseous necrosis were observed on cut surfaces. Thickening of the distal small intestine was observed in only 2 cases.
The striking histologic feature was the presence of caseous necrosis in mesenteric lymph nodes ( Fig. 1) . In some of the lymph nodes, there was partial mineralization of the necrotic areas. The number of acidfast bacilli in these lesions ranged from scattered individual organisms to large numbers of bacilli. Intestinal sections were available for histologic examination in only 4 cases. There were accumulations of macrophages that extended from the lamina propria into the submucosa (Fig. 2) . Multinucleated giant cells were not a feature of the intestinal lesions. One of the cases with clinical signs of paratuberculosis had disseminated granulomatous lesions in the lung and liver. Small numbers of acid-fast bacilli were present in macrophages in the peribronchial areas of the lung. The liver had extensive periportal accumulations of mononuclear cells and macrophages, which were packed with large numbers of acid-fast bacilli.
Strains of M. paratuberculosis from 20 of the 21 cases were available for examination by restriction endonuclease analysis and DNA hybridization. Both these procedures divided the strains into the same 2 groups The sources of the infections were not identified. Para-tuberculosis 13 2 years-aged previously discovered when examining New Zealand bovine, ovine, and caprine strains of M. paratuberculosis. 5 Three of the cervine isolates were identical and had the same RFLP patterns as those most commonly found for New Zealand ovine isolates. The remaining 17 isolates had the same RFLP patterns as those most commonly seen for New Zealand bovine isolates. Figure 3 illustrates the DNA hybridization patterns of the 2 groups of strains observed in deer together with representative strains of the 3 different groups of M. paratuberculosis that have been identified. The third group of M. paratuberculosis strains has been identified in Icelandic, Canadian 5 and South African 6 sheep, but these strains have not yet been found in any New Zealand animals.
Discussion
In marked contrast to bovine tuberculosis, which is the most important bacterial infection of farmed deer in New Zealand, paratuberculosis is still a rare disease in this host. During the last 7 years, only 21 bacteriologically confirmed cases were found. This small number of cases must be interpreted with considerable caution because the reporting of suspect cases was largely the result of submissions from veterinarians and meat inspectors. The prevalence of subclinical paratuberculosis probably is much higher than the figure quoted in this study. Given the chronic nature of paratuberculosis, the incidence in farmed deer may slowly increase to the high levels currently present in cattle and sheep in New Zealand.
High levels of infection and disease due to M. paratuberculosis have been reported in farmed deer in a herd in Scotland. 18 The deer from this farm were very susceptible to infection; clinical disease occurred in 12month-old animals. In New Zealand, multiple cases of M. paratuberculosis infection have been seen in only 1 deer herd, in which 1 clinical and 3 subclinical cases were diagnosed. Although only 5 clinical cases were recorded in this study, 1 of these occurred in a 12month-old deer. Clinical paratuberculosis in 12-monthold sheep and cattle is extremely rare. When diagnosed in such young animals, the flocks or herds of origin have very high levels of disease. Figure 3 . Southern blot hybridization of 32 P-labeled IS900 probe to genomic DNA of Mycobacterium paratuberculosis strains digested with BstEII. Lane numbers of strains are given in Table 1. A number of different factors may influence the outcome of infection of farmed deer with M. paratuberculosis. Susceptibility to bacterial infection can be affected by the stresses associated with inappropriate management of deer, which are only partially domesticated. 10 The size of the infecting dose of M. paratuberculosis and the age at infection are important factors in determining the outcome of infection in cattle 16, 19 and might also be important for deer. Prior infection with members of the M. avium complex may also influence the outcome of infection with M. paratuberculosis. In New Zealand, infections with members of this complex are relatively common in deer ( Table 2 ). These bacteria have been isolated from lesioned deer and from pooled lymph nodes of nonlesioned deer that reacted to the tuberculin skin test. 7, 23 On rare occasions, members of the M. avium complex are associated with an overwhelming infection in deer. 12 Given the very close antigenic relationship between members of the M. avium complex and M. paratuberculosis, subclinical infections with members of the complex may protectively immunize deer against clinical paratuberculosis.
Variations in host susceptibility to different strains of M. paratuberculosis have been recognized for many years. However, only recently have methods been developed to conclusively demonstrate strain variation within M. paratuberculosis. 5 The degree of variation as demonstrated by RFLPs is shown in Fig. 3 . The most common RFLP types from New Zealand cattle, sheep, and deer and ovine strains from the Faeroe Islands, South Africa, and Iceland are included in this comparison. Mycobacterium paratuberculosis strains that have been examined in this and previous studies can be divided into 3 groups on the basis of RFLPs when IS900 is used as a hybridization probe. Strains isolated from cattle (Fig. 3, lanes l-3) belong to the first group, strains isolated from sheep in New Zealand and the Faeroe Islands belong to the second group (Fig.  3, lanes 6-8) , and strains isolated from sheep in South Africa, 6 Iceland, and Canada 5 belong to the third group (Fig. 3, lanes 9, 10) . Characterization of the cervine isolates from this study revealed that 3 of them were identical to isolates from New Zealand sheep. Members of this group are exceedingly difficult to isolate on primary culture. The remaining 17 cervine isolates characterized were the same as the most common type obtained from New Zealand cattle. There was no indication that one strain group was more virulent for deer than the other group, as members of both strain groups were recovered from deer with clinical paratuberculosis. Although the strain typing indicates that both sheep and cattle can be a source of infection for farmed deer, the actual sources of infection for the cases described in this study were not determined.
An important finding of this investigation was that the gross lesions of the mesenteric lymph nodes of deer with paratuberculosis were often similar to lesions caused by M. bovis 1 or members of the M. avium complex (unpublished observations). In this investigation, 13 of the cases of infection with M. paratuberculosis were identified at meat inspection as having lesions morphologically similar to those caused by M. bovis. The reason for the incorrect diagnosis was the presence of necrosis, a feature not observed in New Zealand cattle or sheep with paratuberculosis. The difference is due to host factors, because the strains of M. paratuberculosis that induce lesions in deer are identical to those isolated from cattle and sheep.
The histologic changes observed in the mesenteric lymph nodes included extensive areas of necrosis and some mineralization. These changes were similar to, and often indistinguishable from, those caused by M. bovis 1 and members of the M. 'avium complex (unpublished observations). Many of the mesenteric lymph node lesions caused by M. paratuberculosis often contained far greater numbers of acid-fast bacilli than those seen in the majority of lesions due to M. bovis or members of the M. avium complex. In New Zealand, an incorrect diagnosis of M. bovis infection in deer can lead to unnecessary and costly skin testing and quarantine restrictions associated with the tuberculosis control regulations. The tissue changes in the intestines were similar to those observed in cattle and sheep with paratuberculosis.
In 1 study, 18 caseation or mineralization of mesenteric lymph nodes was not found in over 40 farmed deer with paratuberculosis. However, mesenteric lymph nodes with necrotic lesions caused by M. paratuberculosis that were similar to those observed in this study have been observed in experimentally 24 infected deer.
In New Zealand cattle, lesions due to members of the M. avium complex are rarely seen, and lesions due to M. bovis can be clearly differentiated, by the presence of necrosis and mineralization, from those due to M. paratuberculosis. The situation in deer is more complicated because lesions due to members of the M. avium complex are more common, and lesions due to any of these 3 organisms cannot be clearly differentiated by gross pathology or histology. In vitro culture unequivocally establishes which organism is causing the infection, but this process is slow. Until faster methods of detection, such as the polymerase chain reaction, become routinely available, inevitable delays will occur or premature action will be taken in following up cases of mycobacterial infections in deer.
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